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COMPLETE SPECIFICATION 

Method for Recovery of Noble Metais 

We, Technion Research and Develop- the noble metals. lii contradistinction, thereto-;, 45 

ment Foundation Limited, a body corpor- because of the use of a special chelating agent' 

ate of Israel, of Senate Building, Technion which does not adsorb base metal, further 

City, Haifaj Israel, do hereby declare the in- separations for final recovery are unnecessary. 



It is an object of this invention to provide 
an improved method for the recovery of the 
noble metals, from ores, used catalysts, metal 
scrap, residues from chemical processes, spent 
solutions, and other materials, solutions or 
carrying noble 



venition, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement:-— 
This invention relates to a method for the 
separation of the metals gold, platinum, pal- 
ladium, and rhodium (herein termed a noble metals, particularly when these noble metals 
metal) from ore, used catalysts, scap, residues, occur in combination with one or more cf 
or solutions containing these metals (herein the base metals. 

termed a noble metal carrier). It is another object of this invention to pro- 

More specificaSy the present invention re- vide a method by which will be obtained the 
Iates to an ore recovery method characterised noble metals gold, platimimi palladium., and 
by the employment of a chelating agent which rhodium in high purity' form; with minimal 



Yet another object of this ■ invention is to 

Precipitation, cyanidization, amalgamation provide a simple, continuous process icqmring- 

and electrolysis have been used in the re- only gravity circulation or a low energy power 65 

covery of gold, platinum, palladium and rho- source for circulation of solutions containing 

dium. Unfortunately, however, these methods the' noble metals to be extracted, 

have proven to be relatively expensive in Accordingly, the invention provides a. 

terms of energy requirements and' are gener- method for the separation of a noble metal as 

ally considered relatively slow. hereinbefore defined from a noble metal carrier 70 

Other methods for the recovery of metals as -hereinbefore defined wherein said metal is 
such as gold, silver, and nickel from alkaline adsorbed from a solution of the carrier by a 
cyanide solutions make use of weak-base or selective chelating" ion exchange resin com-- 
strong-base anion exchange resin, Tihese anion prising a chloromethylated styrene-divinyl- 
exchangers have no special affinity for thfc' benzene resin incorporating itfeio-urea, Such an 7? 
noble metals gold, platinum, palladium, and ion exchange'resin has high- capacity 1 and' ex- 
rhodium relative to the base metals e.g. zinc, ceptional selectivity' for the nbble metals, and 
copper, nickel, lead, and iron. Therefore, the further separatioitof the noble and base metals 
anion exchange resin technique does not sue- is -unnecessary, since the base metals are not 
cessfully separate the noble metals when these adsorbed by thfc' resin. 80 
noble metals are found in combination' with In the following,' one embodiment;- of the 
base metals. Moreover, the capacity of the invention is described by way- of example 
anion exchange resins for adsorbing metals with reference to the accompanying: drawings ' 
is considerably lower than that of the selective in- which: — 

chelating resin used in the method of the pre- Figure 1 is -a chemical flow diagram'; 85 

sent invention. Finally, extracting by use of Figure 2 shows the. chemical structure of 

anion exchange resins requires complicated the selective chelating ion-exchange resin; and 

separation processes for the final recovery of Figure 3 shows an- embodiment of one form 

IPrice 4s. €d.] 
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— — _ ^ e j gi in the J- Chem. Soc., 

of apparatus which may be W for the *gf } f he dtomethylatcd heads of 

pnxposesaf The present^: - ^ J re liable ™^?f\* S ™?\^ 

-Referrins to the drawings., gure 1 is a ream a renuS ;ed with thiourea, lius 

cnemicS flow diagram showing the enaction ^ifetoSSW R ' *° ^ 

5 rfSto. usinf the mediod of this inven- ffiggffio&fy It should be noted 

tion, from a solution containing this metaL & ^ ^^ sh goes on to hydrolyze the re- 

Before passage through the ion-exchanger tie £^ to* bea ds. He obtains a redox resin 

nook metal or metals to be^tracted must be fluxed resm . t > ^ ^ ^ 

Solved and in solution. The preparation of described organic chelaung 75 

10 scrap, residues, used solutions, or used cata- " e m opacity for adsorbing 

StTof the noble metals before extraction ^ ^X^LrfSflttwy tests to. determine 

fa standard procedure and will not be des- "J**^^ capadtr 0 f adsorbtion of the 

CT'bea here. For the preparation of the sola- f^^^g the following, results^- 

S containing the noble metals to be ex- resm tm yi adsorp trve capacity 80 

15 see "The Rare Metals Handbook *<= ^>°* * > ™ g5 of g0 i d per gram 

Reuihold Publishing Co., in 1?54. capacity was found to be 0 50 grams of 

The orepared solution containing the noble we«P a ciry ^ palla . 

metal Planum is passed through an ion ex- gjJf^SJU* adsorpdve capacity was 85 

20 Se cZnn as shown in she first step. of dium, ™ e palladium per gram 

FW to the highly selective action 5^ b Sigtive results for the noble 

Ke particular chelating resin used in *e ^JjiSodSn have net yet been completed, , 

method of this invention, and its high capacity »f*fTL^ resi n of the method of this { 

25 removed from the solution bearing it ine fek metal £ so , 

Xmt from the ion exchange column is vir- for ^ b ^ rf ^ple only, 

tuallv free of platinum, but does contain base f* 1 ^ apparat us used according to the 

■ Setal present in the solution before passage J^^f^^ention. A vessel holding the 

Smugh the ion-exchange column. In the _fiow metooa oi latimjm ^d/or other 95 

30 £g£m Of Figure 1, the effluent is shown sota , g.^ ^ on ^ matl0I1 

sible for the final recovery of the pktinum. mymy ^ Adjacent to the output of . 

Tne first alternative is W remove thejesm been CQ ^ is a filter plug 4 

&om the ion exchanger with ^charge of ad- £ e £^S des of the resin from flowing 105 

40 sUdjtotodiyitoim^-gW c P oIunm with tiie effluent {.Toco*- 

the resin in an wen. As shown in £ignre : i au solution through the ion ex 

pure platinum wiH remain as a result of this ttdthe flow^ ^ ^ fe ^ Qnce 

procedure. If it is desired to havejhe highly chan g^™^ ^ ^ 

Xed platinum in a concentrated sotaion^ the ^non^ k flnshe d. with. dilute HO 

45 then the second alternative as ^omm *%™££ic acid, the column resin, with ate 

Figure 1 can be utilised. In ^. altc ™n char™ fTadsorted noble metal, is removed ( 

n mg a standard technique bv wfthdrawing the stopper 7. The.column 

material, i.e, the resin with its adsorbed charge by dther ^ed to obtam noble 

of platinum; is eluted with acid and a com- matenal b m £ ^ ^ can ^ n5 

50 plexing agent The concentrated solution of »W*>J*P dd ^ comp iexing agent 

flatinum^can be filtered ^/ t %^^_ ^SahTa concentrated solution of the noble 

* The method of this invention uses a par Z^Tsret of any base metals. . 

ticular chelating ion-exchange resm. The m ™^ venes / of the present mvention 

diemical structure of this ^JLte^ k ^rfy demonstrated by the followmg work- 120 

55 Fi^e2.TrusrnatmalisaChloromediyl^a Ie5 .__ 

Styrenedivkylbenzene mm which thiourea ing exam P 

haf been incorporated. This special resin is EXAMPLE I ^ . 

' prepared as follows:— Powdered ore from Northern Ontarw 

pI &«f •™^ wo ^^ OT ^S 125 

60 containing 1 to 2% of mvmylbenzeiie m soi^ 0 jnicrograms of the sub ect noble metals 125 
60 pSTofcopolym^ £ ^S^fof ore was d^^^S 

65 M y » S ^^^^ rdcsandt^reduceacidityanddilutedwim 



1,153,717 



3 



water to further reduce acidity and lower salt that used on ores: 



thus the sludge is dissolved 



The resin heads may he made as follows, 
using the commercially available copolymer 
styrene linked with divinyl benzene. 

50 grams of this copolymer are immersed 
in 200 millilitres of chloromethyl methyl ether 
for 2 hours. Then an additional 100 n ""*" 



concenttation. Iriie solution was then passed in aqua regia^ evap orated, diluted with v 
through a column containing the described 
resin. Gold, platinum and palladium were ad- 
sorbed on the resin. All other constituents of 
the solution passed freely through the column 
without being adsorbed. 

Example H - 

Thirty grams of copper from the Timna of the ether are added, together with 15 miiii- 

copper mines m Israel was disolved in aqua litres of anhydrous stannic chloride, the mix- 

Tegia. Thirty micrograms of gold were added ture being refused for 1 hour. After' cooling, 

thereto and the sample was filtered to remove the beads are separated by fUffatiem, tbor- 

insolubles. The filtrate was then evaporated oughly washed with dioxane and ethyl alcohol, 

and diluted with water and passed through a and dried. 

column containing the described resin. The 50 grams of the resulting chloromemylated 

subject ore is known not to contain noble beads are immersed overnight in dioxane tor 

metals Subsequent recovery of the ore was in swelling. "When the swelling is completed, 30 



s of 90%. 



grams of thio-urea dissolved in 100 millilitres 
of water are added, and die whole is refluxed 
for 1 hoar. Finally, the product is separated, 
thoroughly washed with water, and dried. 



WHAT WE CLAIM IS:— 

1. A method for the separation of a noble 
metal as hereinbefore defined from a noble 
metal carrier as hereinbefore defined wherein 
said metal is adsorbed from a solution of the 
carrier by a selective chelating ion exchange 



Example III 
20 20 litres of a solution containing 1.5 micro- 
grams of gold per litre of water (7.5 X 10 _ 'M.) 

were passed through a column containing 0.200 

grams of resin (dimensions of the column 

were: internal diameter — 4 mm, length— 66 
25 mm) at the rate of approximately 9.2 1/hr. 

After the solution had passed through the gold 

was seen to have accumulated near the top 

of the column (an intensely yellow strip 5 mm resin comprising 

wide appeared at the top end of the column). divmyP""*-" ' 
30 The resin was then "burnt, and photometric 

analysis showed that the entire 30 micrograms 

of gold had been adsorbed on the resin. This 

fact points to the possibility of binding gold 

from even more dilute solution to the column. 
35 A further possibility is an increase in the 

rate of flow, if a longer column is used. 
The same procedure may be adopted with 

respect to platinum and palladium. 
For treating spent catalysts, the following 
40 procedure has been found most effective: First shown in Figure 2 

the catalyst is rinsed in water, filtered, and drawings. 

the solid residue dissolved in aqua regio. The 5. A method according to any one of the 

solution is then filtered to remove separate preceding claims substantially as described 

solids and the filtrate evaporated to eliminate with reference to any one of the Examples 
45 nitric oxides. Water is -men added to reduce I — HI. 

acidity and salt concentration and the^ sample 

is passed through a column containing the 

subject resin. 

Sludge is treated in a manner similar to 



2. A method according to claim 1 wherein 
die noble metal is recovered by roasting the 
resin and adsorbed noble metal to . burn off 



3. A method according to claim 1 wherein 
the solution of the carrier is passed through 
the resin. 

4. A method according to any one of the 
preceding claims wherein the chelating ion 
exchange resin has the empirical formula 



J. HAGIN, 

Director, 

Technion Research and Development 
Foundation Limited. 
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SOLUTION CONTAINING PL ATI MUM 



PASSAGE THROUGH ION EXCHANGE 
COLUMN CONTAINING THE 
CHELATING ABSORBENT 



EFFLUENT FREE OF PLATINUM 
CONTAINING BASE METALS 



2ND ALTERNATIVE 

ELUTION OF COLUMN 
MATERIAL WITH ACID 
AND CQMPLEXING AGENT 



CONCENTRATED 

SOLUTION 
OF PLATINUM 



COLUMN WASHED WiTri 
DILUTE, 0. IN HC! TO 
REMOVE TRACES OF 
BASE METALS 



1ST 

ALTERNATIVE 

DRY COLUMN 
MATERIAL 
AND IGNITE 



PURE 
PLATINUM 



F1G.1 
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